10kND, Shimadzu Co., Kyoto, Japan). The shear bond strengths were measured at a cross-head speed of 2mm/min.
Ten specimens were prepared for each group.
Observation of fractured surfaces After the shear tests, the specimens were gold-plated and the fracture appearance was analyzed using a scanning electron microscope (SEM; DS-720, Topcon, Tokyo, Japan).
Measurement of Knoop hardness
Samples for microhardness tests were prepared as for the shear bond strength tests, but instead of dentin the resin cement was applied over a polyester strip on a glass pad covered by white paper. A microhardness tester (Matsuzawa Seiki Co. LTD., Tokyo, Japan) was used to measure the Knoop hardness (load of 10g for 20s) of the light-cured composite resin on the surface that was in contact with the polyester strip after storage for one day in air at room temperature.
Five specimens were prepared for each group, for a total of 25 measurements (five points were measured in each specimen).
Statistical analysis Student's t test with Bonferroni's correction was performed for comparisons of the bond strengths and Knoop hardness.
The significant level was set at P=0.05/ 12=0.004.
RESULTS

Shear bond strength
The shear bond strength of the cement between the Cerec II porcelain and dentin is shown in Fig. 2 for porcelain of 1-mm and 2-mm thicknesses and the two light-curing sources. The mean shear bond strength results ranged from 20 to 27 MPa, indicating no significant effects due to porcelain thickness, curing method, or thermocycling, except for plasma curing for 3s over porcelain of 2-mm thickness that overcame CURING IN RESTORATIVE DENTISTRY thermocycling. The mean bond strength in this group was significantly lower than that before thermocycling (P=0.0006) and than that of the porcelain of 1-mm thickness (P=0.0014).
Fractured surfaces observation
The characteristic surface fracture patterns of the cement after the shear strength tests are shown in Table 1 . Of a total of 120 specimens, interfacial fractures between the resin and the dentin were observed in 77 cases, one specimen exhibited cohesive resin failure, and 42 specimens formed resin/dentin and resin/porcelain mixed failures (Fig. 3) . No clear relation between bond strength and fracture pattern was observed in these specimens. A larger number of cohesive failures were observed in cement for specimens cured with plasma light for 3s. depending on porcelain type12,13), shade14), opacity15), thickness16), and curing time17). However, few studies have examined the use of the high-output plasma curing unit to polymerize resins through porcelain veneers. Most research on plasma light has shown that adequate resin polymerization is achieved in a shorter time than that required using conventional halogen light, but the curing time appears to depend on resin type18,19), porcelain thickness20), and type of plasma-curing unit3,4,21,22). The plasma units used in these previous studies present a relatively narrow spectral bandwidth emission and may not encompass the wavelength range necessary to activate the camphorquinone/amine complex in some types of resins4,5). The new plasma-arc curing unit used in the present study has a larger emission wavelength, making it applicable to the polymerization of a greater range of resins5).
In a previous study, we found that the resin bonding to enamel achieved by plasma-arc curing was relatively unaffected by the opacity of porcelain, but rather was affected by the porcelain thickness and shade7). In the present study, we used porcelain blocks (shade A3.5, 1mm and 2mm), and a plasma-arc light curing unit that covers a larger wavelength spectrum. As dentin exposure during preparation for laminate veneers occurs frequently8,9), the present study evaluated the bond strength to dentin. We also evaluated the resin hardness for comparisons with the bond strength level. Mean shear bond strength results ranged from 20 to 27 MPa, indicating no significant effects due to porcelain thickness, curing method, or thermocycling, except for plasma curing for 3s through porcelain of 2-mm thickness that overcame thermocycling. This means that plasma curing for 3s through porcelain of 2-mm thickness is sufficient for short-term bond strength, but does not offer bond durability. One reason for the reduced bond strengths in this group could be inadequate polymerization.
The significant difference of Knoop hardness in this group support this suggestion.
The inadequate polymerization occurs due to insufficient adhesion between bonding agent and resin cement, leading to water degradation with time and thermal stress.
On the other hand, we recently suggested about the possibility of a difference in the polymer network structure due to high-output light curing for composite resins5). A similar effect might have occurred in the bonding agent/resin cement interface.
To clarify reducing bond strengths in plasma curing for 3s through porcelain of 2-mm thickness that overcame thermocycling we also observed fracture patterns for all groups. Fracture patterns revealed a higher number of interfacial failures with porcelain of 2-mm thickness, compared with that of 1-mm thickness. Although no significant differences in bond strength were observed, differences in failure patterns was observed.
Therefore we could not confirm or clarify the reason in the present study.
Further experiments should be carried out. Increasing the curing time to 5s improved the bond strength with plasma-arc curing to levels equivalent to those achieved by halogen-light curing.
The longer curing time therefore provides the energy output necessary to achieve a polymerization level similar to that by halogen-light curing23). Based on the results of the present study, it is suggested that plasma curing for 3s is sufficient to obtain similar bond strengths and stability to specimens cured with halogen light for 40s for 1-mm-thick porcelain and that plasma curing for 5s is sufficient even for porcelain of 2-mm thickness. T 
